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Record cafiier» device and meQiod for scanning fbe record carrier 



The ixxvcutioii relates to a device for scanning a record carrier having a tfack 
for recording Infbimadon represented by maite, fhe device comprising a scanning unit 
comprisiDg a radiation source and optical elemenls for generating a beam of radiation fixun 
the radiation source via a scanning spot on fbe track to a detector for detecting at least one 
5 lead signal, asensor for detecting a smse signal fiomthe beanij, and acontrol unit for 

controlling liie radiation source power to a desired value in dependence on the seme signal* 

The invention fbrftier relates to a method of g^etathig signals fiom a detector 
during scanning a track on a record carrier via a beam of i^diatlon from a rsidiation source via 
a scaiming spot on the track to the detector^ the tcack being for recording information 
10 represented by marks^ the method comprising detecting a sense signal &om the beam via a 
sensor^, and controlling the radiation source power to a desired value in dependcsice on the 
sense signal. 

The invention furfliCT: relates to a method of controlling the power of a 
radiation source, in particular a laser, during recording information, 
15 The invention ftoher relates to a record carrier of a recordable type having a 

track for recording information represented by marfaij the record carrier comprising 
prerecorded control information for controlling the recording process. 



20 A record carrier^ and method and apparatus for scanning the record carri^, are 

known from US 5,303,217 CPHN12994), The record carrier has a track for recording 
information represented by marks, e.g, a spiral shaped track on a disc shaped carrier indicated 
by a wobbled pregroove. The marks have diJBFerent lengths and are recorded in the trade by 
applying radiation from a radiation source, in particular a laser, to a recording layer^ e.g. a 

25 dye like in CD-Recordable, The device comprises a scanning unit that ims a laser and optical 
el^ents for generating a beam of radiation from the las^ via a scanning spot on Ihe track to 
a detector for detecting a read signal. The device comprises a drive unit for rotating tlie 
record cander. For scanning the track an optical head constituted by said elexnente is 
positioned opposite the track by a positioning unit, while the record caxrier is rotated. The 
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device comprises a sensot for detecting a s««6 signal ftom the beam, and a coixtrol mM for 
contioUing the laser powet to a deslied valiie in dependence on the aejise signal. Ite sensor 
is amonttor diode receiving part of the radiation beam genaratedby flie laser. Fndher the 
control unit comprises a calculation nnit for calodaflng an asymmetry signal based onUie 

5 positive and negative peak values of the read agnal relative to a DC signal. Tto asymmetry 
signal is a measure for the correspondence of the marks to de^ lengflw thereof 

The desired value of the laser power is set in dependence on the asymmetry 
signal for generating recorded marks and inisimediate unrecorded lands having a predefined 
ratio of lengttis, said rafio behig equal to the ratio of the signal representhig the information. 

10 When reproduohig such a disc the detected signals are expected to have such ratio. A 

-pjoblem-is^^Tto4he-record.oarrieiJsJ3^midiM^ 



It is an object of iho invention to provide a scwmhig device and corresponding 
15 methods for achieving detected signals tiiat corre^ond better to the escpected values. 

For this purpose, the device as described in the opaiing paragraidi is 
cibai«0terized in feat the device comprises measuring means for generating a conreotlon signal 
indicative of local optical properties of the record carrkr in dependence on at least one sense 
20 Bignd measured on at least one part of the track near the scanning spot, and correction means 
for correcting at least one of said detected signals in dependence on the correction signal. The 
method as described in the opening para^pb is characteriised hi that the meibod comprises 
gaiemting a coaection signal indioativB of local optical properties of tiie record carrier hi 
d^endsnce on at least one sense dgnal measured on at least one part of the track near ibe 

25 scanning spot, and correcting at least one of said detected signals in dependence on the 

correction »gnal. The record oawier as described in the opening paragraph is characterized m 
tihat the control information coii«>rises at least one parameter indicative of a type of 
oocEeotion to be used for conrecring local optical prop^ttes of the record caniei in 
dependence on at least one sense mgnal measured on at least one part of the track near a 

30 scannhjgspot 

The invention is based on the follovvhig recognition. First the inventors have 
seen that the deviation of the detected signals dming repiodwction is caused by an incorrect 
setting of the power during recording. For sKample, althou^ the power of the radiation 
sowje during recording is controlled to a desh»d value based on a measurement of the 
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asymmetry, the resulting xecoid earner proves to Iwe a deviating asyxnmetty. Secondly the 
iixv^rs have sera that the detected signals deviate by unexpected variationg of the laser 
power. The variations of the laser pow« are caused by local optical propertieB of ihe record 
carrier, vHch prove to be not constant across the record cacria. For ©sample tiae local optical 
5 properties msy cause optical feedback of radiation reflected from the record carrier bade into 
the laser, which increases the laser power. Thirdly the inventors have seen that fte sense 
signal, ^^en measured at selected parts of the tracks* has a component indicative of ihe local 
optical properdes, and diat a correction signal is derivable fcom the sense signal. The 
correction signal is used to correct the detected signals. 

10 In an embodiment of the device the measuring means comprise means for 

generating an empty value FSE by detecting the sense signal when reading a part of the track 
having no marks, and a written value FSW by detecting the sense signal when reading a part 
of the track having marks, and means for combining Ihe empty value and the written value 
for generating the correction signal. The effect is that the local optical properties have a 

IS different effect on the sense signal of an empty track and ttie sense signal of a written track. 
The correction signal therefore has a corrective component based on said difference. 



These and other aspects of the invention will be apparent firom and elucidated 
20 fiirther with reference to the embodiments described by way of example in the following 
description and with reference to the accompanying drawings, in which 

Figure 1 shows diagrammatlcaUy a customaxy optical recording device. 
Figure 2 sho^ a recording devicej^ 

Figure 3 illustrates the relationship between recorded information patterns and 
25 the associated read signals to clarify the invention. 

Figure 4 shows the forward sense signal as function of writtm duty cycle> 
Figure 5 shows the laser control of a recording device 
Figure 6 shows an analysis ckcuit for calculating an asymmetry signal> and 
Figure 7 shows measured and corrected values of detected signals* 

30 



Figure 1 shows diagranomatically an optical recording device, comprising a 
turntable 1 and a drive motor 2 for rotating a disc shaped record carrier 4 about an axis 3 in a 
direction indicated by an arrow 5. The record carrier 4 comprises a radiation*<sensitive 
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recording layer wld^ upon exposure to radiatloa of sufficiently high intensitjr is subjected to 
an optically detecstable diange, such as for example a change In reflectivitys for fbrming 
marks representing information. Such a radiation-sensitive layer may comprise, for example, 
a thin metal layer which can be removed locally by e^i^ osure to a las^ beam of 
5 comparatively high intensity. Altcaumtively, tJje recording layer may conast of another 

material such as a radiation sensitive dye or a phase-change material, whose structure can be 
changed from amorphous to crystalline or vice versa under the influence of radiation. The 
record carrier comprises a track 1 1 for recording the marks, the track being indicated by a 
servo pattern for generating servo tracking signals for positioning an optical head opposite 

10 the track. The ssrvo pattern may for example be a sbaUow wobbled groove, usually called a 

prergro.0J!^e^_a3aLd^taJ)a^ usually called pre-plts or servo pits> An optical 

write head 6 is arranged opposite the rotating record carrier, The optical write head 6 
comprises a radiation source, for example a solid-state laser, for generating a write beam 13. 
The intensity I of the write beam 13 can be modulated in conformity with a control signal Vs 

15 in a customary manner. The intensity I of the write beam 13 varies between a write intensity 
IWa which is adequate to bring about detectable changes in the optical prop^es of the 
radiation-sensitive record carrier, and an intensity In, which does not bring about any 
detectable changes. In alternative embodiments of the device more sophisticated write 
strategies are implemented, e.g. controlling the write power in dependence of the length of 

20 the mark to be written- When the recording layer is scanned with the beam 1 3 whoso 
intensity is thus modulated an information pattern of recording areas 8 having modified 
optical prbperdes is formed in the recording layer) which recording areas alternate with 
intermediate areas having umnodified optical properties. An information pattern thus formed 
can be read by scanning the pattern with a read beam of a constant intensity which is low 

2S enougji to preclude a detectable change in optical properties. During scanning the read beam 
reflected from the record carrier is modulated in conformity with tlie information pattern 
being scanned. The modulation of the read beam can be detected in a customary manner by 
mean3 of a radiation-sensitive detector which generates a read signal which is indicative of 
the beam modulaticuDu 

30 Figure 2 shows a scanning device for writuig and/or reading information on a 

record carrier 4 of a type which is writable or r©-writablo> for example CD-R or CD-RW- The 
device is |NX)vided with scanning means for scanning the track on the record carrier which 
means include a drive unit 21 for rotating ftie record carrier 4^ a scanning unit 22 comprishig 
an optical head and additional circuitry, a positioning unit 25 for coarsely positioning the 
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optical head in 13to radial diiection on the track, and a control luait 20. The optical head 
comprises an optical system of akaown^pefor gefieradng atadlationbeain24 guided 
throu^ optical elements focused to a radiatiott spot 23 on a trade of the Infoimation layer of 
the reoofd airier. The optical head and addhional ciicuits constitute a scanning unit for 
5 generating signals detected ftom the radiation beam. The radiation beam 24 Is genwated by a 
radiation source, 6.g. a laser diode. The optical head comprises a sensor 33 for detectiiig a 
sense signal 32 ftom the radiation beam- The head fWfaer conq)rises (not shown) a focusing 
actuator for moving ti^ focus of the radiation beam 24 along the optical axis of said beam 
and a traddng actuator for fine positioning of the spot 23 in a radial direction on the center of 

10 the track. The tracking actuator may comprise coils for radially moving an optical element or 
may alternatively be arranged for changing the angle of a reflecting element For writing 
information the radiation ia controlled to create optically detectable marks in the recording 
layer. For reading the radiation reflected by the information layer is detected by a detector of 
a usual type^ e.g. a fonr-quadrant dxode^ in the optical head for generating a read signal and 

15 forfher detector signals including a tracking error and a focusing enor isignal for controUii^ 
said tracking and focusing actuators. The read mgoal is processed by read processing unit 30 
of a usual type including a demodulator^ deformatter and output unit to retrieve the 
information^ Hence retrieving means for reading information include the drive unit 21, the 
optical head, the positioning unit 25 and the read processing unit 30, The device comprises 

20 write processing means for processing tiie input information to generate a write signal to 
drive the optical head, which means comprise an input unit 27^ and modulator means 
comprising a formatter 28 and a modulator 29. Tho control unit 20 controls the recording and " 
retrieving of information and may be arranged for receiving commands from a user or ftom a 
host computer. The control unit 20 is connected via control lines 26, e,g, a system bus, to said 

25 input unit 27, fomiatter 28 and modulator 295 to the read processing unit 30, and to the drive 
unit 21, and the positionmg unit 25. The control unit 20 comprises control circuitry, for 
example a microprocessor, a program memory and control gates, for performing the writing 
and/or reading fonctions. The control unit 20 may also be impl^ented as a state machine in 
logic circuits. Durmg the writing operation, maiks r^resenting the information are formed 

30 on the record carrier. The marks may be in any optically readable form, e,g. in the form of 
areas with a reflection coefSclent different ftom their sutroundings» obtained when recording 
in materials such as dye, aUoy or plwe change material^ or in the form of areas with a 
dkection of magnetization different fonn their surroundings, obtained v^en recording in 
magneto-optical material. Writteig and reading of information for recording on optical didss 
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and usable fonnatting, enor cocrecti^ig and channel oodiiig njles af e well-knovyn in the arl^ 
e.g. from the CD system. The marks can be fbnned by means of1h& spot 23 generated on the 
recor^g layer via flie beam 24 of electromagnetic radiation, usually ftom a laser diode. User 
infoimalion is presented on the input unit 27, which may comprise of compression means for 
5 input signals such as analog audio and/or video^ or digital uncompressed audio/video. 

Suitable compression means sre described for audio m WO 98/160U'-Al (PHN 16452% and 
for video in tije MPBG2 standard. The input unit 27 processes the audio and/or video to unit 
of information, which are passed to the formatter 28 for adding control data and formatting 
. - the data according to the recording format, e.g. by adding error correction code$ (ECC) 
10 and/or interleaving. For computer applications units of infonnation may be interfaced to the 

formatterJ28. directly. Jhe-formatted data dftom theLOUtputof the formatter 2S is passed to-lfee 

modulation imit 29, which comprises for example a channel coder, for generating a 
modulated signal which drives the optical head, Further the modulation unit 29 comprises 
^chroni25ing means for includmg synchroniang patterns in the modulated signal. The 
1 5 formatted units presented to the irput of the modulation unit 29 comprise address infonnation 
and are written to corresponding addressable locations on the record canrlor under the control 
of control unit 20. The device further comprises a correction unit 3 1 for generatmg a 
correction signal 34 indicative of local optical properties of the record eerier. The sens© 
signal 32 is input to the correction unit 3 1 . The correction signal 34 is connected to the 
20 modulation unit 29 for correcting the write signal, and/or to the scanning tmit for correcting 
the detected signal, and/or to the read processing unit 30 to correct the read signal. For 
' example a track cross signal, which, is one of the signals from the scanning unit generated 
during a jump of thie optical head to a diEferent tracks can be cotrected to a corrected track 
cross signal which more reliably indicates the tracks crossed. The correction unit 3 1 is ' 
25 arranged for measurmg the sense signal on at least one part of the track neat the scanning 
^ot as described below. 

Figure 3 illustrates tiie relationship between recorded infomiation patterns and 
the associated read signals to clarify the invention, Figure 3a shows infinanation patterus that 
' have been recorded with an optimum write intensity. Similar information patterns are shown 
30 in Figs, 3b and 3o, which have been recorded with a write level which is too low and which is 
too high respectively. As will be apparent from Fig* 3 the level DC in the case of the 
opthnum write intensity is situated substantially in the middle between &e infty<^iym signal 
value (Al) and the minimum signal value (A2) in the read signal Vlj while in the case of a 
write level which is too low or too high the Iwel DC is situated respectively above and below 
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said middle. The infozmadou pattern s^own in Fig. 3 is only one of the possible infoixnadon 
pm&ms compr jising a comparatively lafge notnber of subpattexiis coMstix^ of short aceaa, 
Lo. marks (8) and intsimediate areas, and a comparatively small number of subpattems 
consisting of long areas, A subpattem which is also very suitable is apattem corresponding 
5 to a staxuiard EFM signal. Such a pattern comprises areas of a length correspondbig to at least 
3 bits (IS-effeet) and at the most 1 1 bite (II 1 e£Eect). Approximately one third of all the 
^cts in such an BFM pattern are 13 effects^ D^diereas only 4% of aU the effects are II 1 
^cts. The dhnensiacs of the 13 efifects are such that only the fundamental of these effects is 
dtoafied below the optical cut-off frequency of the optical read system. Of the II 1 ejects also 

10 higher haxmomcs are situated below the optical cutoff frequency. Therefore a different 
re^onse can be expected for 13 and 111. 

In the device the optjmum write power should be set before starting recording. 
In ord^ to set tins write power properly an Optimum Power Control (OPC) procedure is 
done. For CD-R and DVD+/-R systems a so-called P OPC procedure is defined. In this 

15 procedure the parameter p, which is a measuj^ for the asymmetry, is determined as a ftinction 
of laser power. The calculation of 3 and circuitry for determining P are described hi detail in 
US 5,303,217. The value of p is based on the values Al and A2 (see Figure 3 abovej, and note 
that A2 is a negative value below DClevel) as follows; p = (Al+A2)/(Al - A2).Ih 
alternative embodiments a diff^nt definition of the asymmetry signal is used In an 

20 embodiment of the record carrier the optimum p value is indicated, and at a certam laser 
power the measured p will be identical to tiae value as indicated in the disk Cyielding best 
write performance). By settmg the desked value for ttie write power so as to achieve this 
value, the optimum asymmetry for the best writing condition is obtained. Cmcial for a good 
OPC result is a reliable measurement of the parameter p. It is found that m practical 

25 situations the measurement of p deviates from the actual value of p. For instance a disk is 
written in a writer and the asymmetry is controlled to be constant by the p parameter. After 
writing, the disk is read back in another writer or reader. Measurements have shown that in 
read back in the other systems the asymmetry over the disk is far from constant. This means 
that while in the original writer it is assumed that a constant asyamietcy is written* in practice 

30 this is not the case. Now it has been se&n that a measurement error in p occurs. 

In an embodiment of the device the error in the measurement error in p is 
corrected as follows. The laser power is monitored using a forward sense diode in different 
situations. It appears that the amount of laser light varies upon the radius and the written 
situation of the disk. These variations are most likely catted by both birefringence and 
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depolari^mtioti efiEbcts of tibe ymXtoXL marks. The biiefidngence varies as a&nctiQa of radius 
on the same disk. From the birefiingence one can mpect some feedback of light to the laser, 
Feedbaok of light into the laser increases the light output of the laser. The li^t ou^ut pow^ 
also appears in tiie forward s^e signal In an experiment using a partly recorded dtec» the 
5 relation was visible for an empty track. On the ivritten groove a higher laser oyOput is seen as 
on ihe empty track; ^hile &om tiie feedback of laser light a lower output is expected, because 
the witten groove reflection is lower as the empty track rrfleotion. The relation with 
birefidngence is not very clear^ but the reason for this higher power level may be due to 
depolarization effects caused by the written marks« Hraoe the laser ou^ut varies upon the 
10 written state of tiie disk. In the experiment the variations were small at the inner diameter and 

large at the outer diameter. The opticai feedback mcohanisms resulthig i n changm g laser 

output are very &st» so during read back of the in£brmation marks the laser ydll be modulated 
in hitensity as well. Therefore measurement errors in the asymmetry wUl occur as well. In the 
experiment the measurement ettor s in the asymmetry axe small at the inner diamet^. Here 
15 the variations m laser output are smalls so no measurement error occurs^ In the eoqperiment, 
the variations in asymmetry are large at the outer diameter and the variations in laser output 
are also large, resulting in the measurement errors. 



causing different errors in the measured asymmetry. By measuring th© feedback using the 
20 sense signal tiie ^ measurement ejcrors can be predicted. In a drive this can be determined by 
for instance looking at the forward sense signal during reading an empty track versus the 
forward sense Signal during reading a'written track. The difference between those measured 
forward sense signals give a measure for the error in p. During the measurements the laser 
output should not be controlled to be constant Alternatively the la^er power may be 
25 controlled to be constant and the laser control parameters may be used as a measure. Also the 
difference between land forward sense signal and groove forward sense signal in a written 
area may gpLve such a measure. 



value of the forward sense signal is shown along the y-axis and the du^ cycle of the written 
30 marks is shown along Hxq x-axis, The laser output versus written duty cycle of the HF has 
been measured and proves to be roughly linear, A duty cycle of Q conesponds to a 
completely empty track, while a duty cycle of 1 corresponds with a track written with an 
'infinite' long mark. Duty cycle 0*21 corre^onds to a track with 13 marks in between II 1 
spaces^ while duty cycle 0.79 corresponds with a track with II 1 marks in between J3 spaces. 



From drive to drive a different sensitivity for laser feedbadc wiU be present. 



Figure 4 shows the forward sense signal as function of written duty cycle. The 
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For a duly cycle of 0.S bo13x 13-13 as well as 111-11 1 patterns were written, both yielding the * 
same resist. Tbe results show that as a tough ^tiinatioti a linear behavior can be assumed. 
For carreoting Ihe value of p a model is needed to translate the measurements of the sense 
signal The measvorem^ts show that a linear model is suit^Ie for this tj^e of record carrier. 
5 Henoe for correction a linear model is used. It is noted tiiat flie measured values of the sense 
signal are difiFerent in dependence of the local optical properties of the record carrier, e.g. the 
birefidngence^ Hence a local measurement near the position where titie scanning spot has to 
write new marks is performed to get ihe actual correctian values. 

In an embodiment of the recording device the recording process is interrupted 

10 often because the device has to wait for new data to arrive, e.g. in the case of encoding video 
data. The parameter p is measured in a so-called 'walking OFC^ method. In this method write 
power contccl during writing of the disk is done by measuring the p each time when a certain 
portion of the disk is written. In case p deviates firom. the desired value, the write power is 
adjusted in ord^ to obtain best p again. During such intemxptloiis the idle time is used to 

15 perform a measurement of the local optical properties by detecting Ihe sense signal in a few 
suitable parts of the track, e.g. a written part and an empty part. In this way the local optical 
properties can be corrected on any location of the record caniet. 

In an embodiment of the record carrier conbx)! information is prerecorded for 
controlling the recording process. For example ihe control information is encoded in the 

20 servo pattern^ e.g. in the wobble or ihe pre-pits, or in an area of the disc which has pre- 
recorded Information. For applying the coxrection as described above at least one parameter 
is included in the control information indicating the type of correction. For example a 
correction model to be used is indicated on the record carrier by the control parameter. Also 
oth^ coxrection parameters may be included in the control information on the record carrier 

25 to adjust the correction to the specific record carrier, e.g. a fector indicative of the change of 
reflectivity between an empty and a written groove, hi an ^bodiment of Ihe device a 
varying correction model is used, taking into account deviations of the linear model for other 
types of record carriers» e.g. a model or a correction factor indicated on the record carri^ as 
oontcol parameter. 

30 Figure 5 shows the laser control of a recording device. The recording device 

comprises an optical head 50 comprising a first semiconductor laser 51 for generatmg the 
write beam 13. The device has a second semiconductor laser 52 for generating a second beam 
53 of a dififerent laser light wavelength, e.g, the first laser 5 1 having the wavelength for CD 
and the second laser havhig the wavelength for DVD. The second write beam 53 13 controlled 
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similar to the first write beam 13 In depeadence of the type of the ifecord carrier- Further parts 
of the DYD ciicuitry of the device are not shown in the Figure, and the dosoription of the CD 
dements applies also to corresponding DVD elements. The write beam 13 is directed to the 
record carrier 4 by means of an orptioal system comprising an otgective 54, which record 
5 oamer is moved past the optical head 50 in the direction indicated by an arrow 5 5, This is 
effected in a customary manner. The intendly I of the write beam 1 3 is controlled to wsume 
a value dictated by Ihe signal Vs. For this purpose the recording device comprises a radiation- 
sensltlvo diode 56, which is arranged to detect part 57 of the beam 13 ^ch issues ftom the 
back of tiie semiconductor laser 5 1 and which has an intensity proportional to that of the 

10 write beam. The radiation-sensitive diod© 56 then produces a sense signal 32 proportional to 

the detected intMsity. The signal Vs and said signal current are compared witih eachjotixeijxi 

a comparator ckcuit 58. A signal which is indicative of the result of tibe comparison is 
applied to a controllable current source 59, which generates a control current for the 
semicoadujctor laser 5 1 in such a way that the signal current produced by the diode 56, and 

15 hence the intensity of the write beam 13, is contioUed to s^sume the value dictated by the 
write signal Vs. The recording device ftmher comprises a cascade arrangement of a 
conventional CIRC encoding ch'cuit 60 and an EFM modulator 61 for converting an applied 
information signal Vi into an EFM signal Vefln modulated in conformity with the CD 
standard. The signal Vefin is applied to a control input of a controllable switch 62 of a type 

20 which depending on the logic value of the signal applied to its control input transfers one of 
the two inputs signals is or il to its oulput. The signal on the output of the switch 62 is applied 
to the comparator circuit 58 as flic signal VsrTh^ signalls defines ike desired write intensity 
Is and the signal H defines a low intensity not affecting the recording layer. An information 
pattern representing the signal Vi is recorded as follows. Tho CIRC encoding circuit 60 and 

25 the EFM modulator 61 convert tho signal Vi into an EFM modulated bivalent signal Vefipa.. 
This signal controls the switch 62 in such a way that the signal il and is are alternately 
applied to the comparator circuit 58, as a result of which ttie intensity of the write beam is 
switched between the write intensity la defined by this signal is and the intensity II defined 
by 13he signal il so that an information pattern corresponding to the signal Vefin is recorded on 

30 the record oanier. For reading a beam wife a low interaity generated and is reflected fi:om the 
record carrier 4, liie reflected beam being modulated in conformity with the infoimation 
patt^ being scanned. The read beam thus modulated is directed to a radiaUon-sensitive 
detector 64 via a semitransparent mirror 63, which detector generates a read signal VI which 
is indicative of the beam modulation. The read signal VI is ^lied to an analysis circuit 65, 
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which generates a dgmi Va v^tiich imUcat^ the extent to wfaicli the do. lefvel DC deviates 
ftom tbe vsliie conesponding to the optimma write int^ly . The signal Va is emptied to an 
integmiing drouit 66. An output signal Ais of the integrating circuit is aj^plied 1o an ixrput of 
an adder circuit 67. A sigaal io correspondkg to a constant intensity is applied to the other 
inptxt of ttie adder circuit 67, An output signal which is indicative of the sum of tibe signal io 
aad the si^al &is is applied to the switch 62 as the signal is. If in the recording device shown 
in Fig. S the write intensity Is deviates 6om the optimum value this will be hidioated by the 
analysis signal Va in that it has a nonasero signal value. As aresult of tids, tha signal Ais on 
the output of the integrating circuit 66 wiU change, so that the write butensity Is is controlled 
towards the optimum value. This results in continuous control of the write intensity Is> so as 
to maintain the write ixitensity Is is substantially at the optimmn value. The device comprises 
a correction unit 3 1 receiving as input the sense signal 32. The correction circuit 3 1 calculates 
a correction signal 34 for correcting Ihe measured values of the read signal VI as described 
below. 

An embodinaent of the device comprises a forward sense diode as sensor for 
generating the sense signal 34» whioh $ensor is positioned in the optical head 50 beside the 
main optical axis of the beamreceivhag apart of th© beam 13 or the second beam 53, which 
part would not bo entering the further optical elements* e.g. the objective lens. Stich a 
forward sense diode provides a more accurate measurement (compared to a monitor diode) of 
the actual laser power of the beam as directed to the record carrier. It is noted that the 
forward sense diodes used are relatively large and tiierefeie too slow to respond to changes of 
the mtensity of the beam caused by individual marks, hi an embodiment a small and fast 
diode is used as an additional sensor. Using such sensor the optical output power of the lasear 
is either kept constant by controlling the electrical power in a fast control loop or the 
variations are measured and the corrections are based on the fast measurements. 

Figure 6 shows an analysis oirouit for calculating an asymmetry signal. The 
analysis circuit comprises a low-pass filter 70 for determining the d-c. level DC in the read 
sigt^ VL The analysis ckcuit 65 furflier comprises a positive-peak detector 71 for 
detcmiining the maximum value Al hi th© read signal I and a negative-pealc detector 72 for 
determinbg tiie minimum value A2 hi the read signal VI, The output signals of the peak 
detectors 71 and 72 are applied to non-inverting inputs of an adder circuit 73, while the 
output signal of the low-pass filter 70, after being amplified to twice its value> is applied to an 
inverting hiput of the adder circuit 73, so that the output signal of the adder ckcuit 73, which 
sijpial conatimtes the analysis signal Va, is equal to Va » Al + A2 - 2DC and consequentiy 
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indicates the oxt©nt to which th© position of the signal value DC deviates firam the desired 
vale» e,g, the middle hetween the iiiaxixnam signal value Al and the mirimum signal value 
A2» The adder dreult 73 has a fUrther input for adding a coireotlon sigiaal 34 to the measured 
values of Aland A2« 

S Figure 7 &hows measured and cozteoted values of detected signals. In the 

middle of the Figure a DC level 81 in the measwed and cowected condition is drawn at the 
same leveL The left part of the Figure shows an example of actual signal levels 82 as 
ooif eoted according to the invention, in top down order the signal values IMhcorr, IShcorr, 
DC level 81, ISlcorr and I141coit, are given. The right part shows an example of the same 
10 signals but now ttie measured levels 83, in top down of der tiie signal values I14hmeas5 

I 3bmea s, DC le vel 81, Klmeas and I141 meas , are given. The level calcula ted by OBh+131) / 2 

is the reference DC level 81, The actual signal levels Alcorr and A2cotr are tlie result of 
correcting the measured values Al and A2 as follows* Due to the decrease in laser power 
when measuring the I14h level the level IMbmeas is measured too low in such a situation. 
15 So, this value should be corrected to a higher value. For this purpose, the sense signal as 

measured on a written (FSW) and OTopty (BSB) track can be used. In devices described above 
Al and A2 values are measured, where it is noted that A2 is negative. The Al and A2 values 
are to be corrected m the following way: 

Alcorr - Al * ( 1 + ( (FSW-FSE) / FSW) ) 
20 A2coir « A2 ♦ ( 1 + ( (FSW-FSE) / FSW ) * A2 / Al) 

In this way the corrected value fcr p can be obtained: 
Pcorr - (Alcorr + A2cott) / (Alcorr - A2corf). 

After correction the P values are much closer to the actual p values. This is one 
example of correcting the practical P value. More sophisticated methods, taking for instance 

2S non-linear effects into account, can also be used. The method of correcting a measured 

asyxmnetcy (|J) by using (for instance) tiie forward sense diode signal in case of written and 
non written tracks can be applied especially in CD-R and DVD+/-R systems. Also at Ihe 
gamma OPC procedure in CD-RW and DVD+/-RW measurement errors dixe to laser power 
variations may occipr. However due to the smaller reflection/depolarization effects on these 

30 medley me^^ement errors may be smaller. 

Although the invention has been explained mainly by embodiments using the 
CD-R^ similar embodiments are suitable for other optical recording systems like D VD*R or 
DVD+RW. Al^o &r tiie information cauier an optical disc has bo^ described, but otber 
media^ such as a magnetic disc or tape, may be used* It is noted, that in this document the 
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word 'comprising' does not exclxuie the presence of other elements or steps than those listed 
and the vmvi 'a' or 'an' preceding an element does not exclude the presence of apluralily of 
such ekmentSji ibsA any refemce dgfts do not Undt the scope of Ihe claims, iSoat Hie invention 
may he implemented by means of both hardware and software^ and liiat several 'means' may 
S be represented by the same item of hardware. Furliier^ the scope of the invention is not 
limited to Hie embodiments, and the invention lies in each and every novel feature or 
combination of features described above. 
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CLAIMS: 



1 , Device for acaxming a record catrier (4) having a truck (1 1) foi* tecordlng 

infbmiation rqpresetited by marjb (S), the device comprisbgt 

a scarming unit (22) composing a radiation source and optical elements for 
g^eraling a beam of radiation from the radiation source via a scannir^ spot on tho track to a 
5 detector £br detecting at lea^t one read signal, 

a sensor (33) fyr detecting a sej^e sigoal (32) fiom Hue beam (24)» and 

■5iso3DES!rmiirt&^ d^endeutib otr 

the sense signal. 

characterized in that 

10 the device comprises conrecdon means (3 1) fbr generating a correction signal 

(34) indicative of local optloal properties of the recotd caxxier in dependence cm at least one 
sense signal measured on at least one part of the track near the scanning s^ot C23)p and for 
coirecting at least one of said detected signals in dependence on Hie correction sigr^ 



15 2. Device as claimed in claim 1, wherein the correction means comprise meaxu^ 

(20) fi)r selecting said part of the track such that the measured sense signal has a component 
indicative of the local bbrefiingence or do-^oladizing effects of the record carrier as local 
optical properties. 



20 3. Device as claimed in claim 1 or 2, wherein the correction mean? con^rise 

means for generating an empty value FSB by detecting the sense signal v^en reac&ig apart 
of the tcack having no marksa and a written value FSW by detecting the sense signal vfhisux 
reading a part of the track having marks^ and means for combining the emply value and the 
written value for generathi^ the correction signal. 

25 

4. Device as claimed in claim 1^ wheirein iho coxrecUcn means are coupled to the 

control unit for correcting the desired value of the radiation source power. 
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5. Device as claimed in claim 4, whcfeiE&e scanning unit comiprises m^ans for 
gen^adng an asymmetry signal p based on axead signal fix^mllie detector vviiben scanning a 
part of the track comprising mas^ the asymmetry signal being a measiue for the 
correspondence of the ma^ to desired l^sgii^ thmof. 

5 

6. Device as claimed in claim S, virh^rdnthe asymmetry signal p is generated by 
measuring a positive peak level Al and a negative peak level A2 relative to a DC level of the 
read signal, 

and correcting the positive peak level Al of the read signal to Al ' by a first 
10 correction calculation d^eod&pt on the correction slgnalp and 

correcting the negative peak level A2 of the read signal to A2' by a second 
correction calculation dependent on the correction signal^ and 

calctdaJing the a^mmetry signal p by p = (Ar+A2'> / (Al* - A20. 

15 7. Device as claimed in claim 6, wherein the measuring means comprise means 

for generating an empty value FSB by detecting the sense signal wben reading a part of tfae 
track having no marks,, and a written value FS W by detecting the sense signal when reading a 
part of the track having marks, and 

Ar = Al * (1 + ( ( FSW - FSE ) / FSW ) ), and 

20 A2' A2 * (1 + ( (FSW - FSB ) / FSW ) x A2 / Al ) 

8. Device as claimed in claim 1, wberein the sensor is a forward sense diode for 

detecting radiation firom a part of tiie beam as reflected ftom the record carrier. 



25 9* Method of generating signals from a detector during scanning a track on a 

record carrier via a beam of radiation from a radiation source via a scanning spot on the track 
to the detector, the track being for recording information represented by marks, the method 
comprising detecting a sense signal from the beam via a sensor, and controlling tbe radiation 
source power to a desired value in dependence on the sense signal, characterized in that the 

30 method comprises generating a correction signal indicative of local optical properties of the 
record carrier in dependence on at leaist one sense signal measured on at least one part of the 
track near the scanning spot» and correcting at least one of said detected signals in 
dej>endence on the correction signaL 
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10. Method of conttoUing the power of a radiation source, in particular a laser, 

during recording information represented by marks in a track on a record carrier via a beam 
of radiation from the radiation source via a scanning spot on the track to a detector, the 
method comprising deteotmg a sense signal ftom the beam via a sensor, and contiHDlling th« 
5 laser power to a desired value in dependence on the sense signal, charactenzed in that the 
method comprises correcting flic desired value in dependence on a correction signal 
indicative of local optical properties of the record carrier hi dependence on at least one sens© 
signal measured on at least one part of the track near tb^ scanising spot 

10 1 1 • Record carrier of a recordable type having a track (1 1) for recordmg 

infoimatlon-r©presenteib3!^mark3-<-8)^ th© j^cord ca!tier-Comprising_pretecorded.conteol 

information fbr controlling Hie recording process, characterized in that the control 
information comprises at least one parameter indicative of a lype of correction to be used for 
correctmg local optical properties of the record carrier in dependence on at least one sense 
1 5 signal measured on at least one part of the track (11) near a scanning spot (23). 
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ABSIRACT: 



Axecoxdoaixier and device in recording and/or xeadioglfae recoid catiiet is 
des^bed. The xecocd caitier has a track for recording iaSasma&m tdpcesmted by marks (JS), 
The device bas an opttofll liead with a las» ^ gmeraiing a be^ 
ti»dcto a detector deleotlng a read ^[|P1bL A set^ 
5 Ihe beam {24) and a coixtrol unh contcote ibc laser power to a de^d value. The device has a 
cocrectiixaL unit &r geoeratmg a correction signal This signal (tepends on local optical 
looperties of the record oanier derived &om fhe sense signal measured on at least one part of 
the tcaok sear the soamdng spot (23). The device corrects the ^ 
sigmds using the correction sigaal. Futthm the record carrier can have pr^^oorded control 
10 parameters £br setting the collection unit 



Fig. 2 
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Forward sense signal versus written data 
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Written duty cycle 
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